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(54) DEVICE AND METHOD FOR CONTROLING BIAS CURRENT FOR MAGNETO-RESISTANCE EFFECT 
TYPE MAGNETIC HEAD, AND MAGNETIC STORAGE DEVICE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a utilization factor by making an 
investigation current flow through a magneto-resistance effect type magnetic head 
for calculating a resistance of the head from the current and a terminal voltage, 
determining a tolerance range of the bias current based on a pre-investigated 
relationship between the life and resistance, and setting an optimal bias current 
within the range. 

SOLUTION: A current control circuit 21b supplies a bias current to a magneto- 
resistance effect type magnetic head 10, A voltage detector 21c detects a voltage 
across both terminals of the magnetic head 10 then. A host system 50 works out a 
resistance of the magnetic head 10 from the bias current value and the voltage across 
the terminal. The host system 50 stores life data representing a relationship among 
resistance, bias current value, and life beforehand, and sets a tolerance of the bias 
current level referring to the relationship. And, the bias current is determined 
according to a prescribed optimal bias current setting procedure and also within a 
tolerance of the bias current. 
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<^?f^teiffl&*^5/w r ^asEffFSttifflia^ai: , 

mtaftjg-'MT^ssEia^a^J: oft^stb^Bfrieft 
jg^<>r r ^aa^T*-^ sr»iw-r siEit^ai: s 

10 [ft** 8] flt$a3B&K#<?> h7y^Bl:at5^7>f 

#a*r*ru 

Biiiaaii^^WT^ssEsa^afi. ^le^r^m^ 

[ o o o i J 

[0 0 0 2] 

|c*flCL/hS^ty Kir LT, ^#oo5S $ i-JC CTl^ 

&m&m ioi twm^m 102 t««ffitn:?a*Bio3 
30 ia. *(osa»^«K*ijiwat*aio6 f 107 t-^y-K 

104,105 £S;fefc«ag£#LTi^5o * L"C, y — KiO 
4,105 &^LT«StffitS:ab*Bi03 co-fe>^««W^< 

[0 0 0 3] i:t% MR^-; K<Z>ffifitffiSrifiiEiCiHS 

3 (^5^KS[ga»a*fc^*tIuiaSrW»LT V- KL04, 
105 Pfl<7)*<offiln«LSr3E^5*ffi^*>5o -t^flffSJi. 
tt«ttiJBioi 7i^a^}SfiLgfj^l03 <z> -5 

6t3b*®io:i ftif^«£< *Siiif*coffitn:tt*:& < *s 
UaflU-fcSo rcoJy|^co^^fii^gi03 *ifcr>i^S 

[0 0 0 4] L7)^L. Wfg(^«tSMR^ -y KOffiSiWSi 
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ris—isaiste* /<>rr^®si£(cj: f9««cigtn[3b*s* 

[0 0 0 5] Wfi<Z>'<5:y=** -W^u— v-3 

r^«Stt<7?*:§SSri&jg{l:i-5fc«>^, if» Eli 4 

(b) \Z7jk-r^oiZ s MR^y KOffifeticK MRffifitffi) 

[0 0 0 6] C^l6F^*iBtCt3l^T, ^7^fg^«: 
tf>54&^UU4, MR^y Kcoj6fit<7>**S(c±KSrK^ 

wir^Huffit Ltv^o ^LT, Hi 4(b) <7>#tffnftjg| 
{cg^T, fiet«^±H^MR^y KKITST-* 51 

[0 0 0 7] ^7XiS^t^ffi«f: LtH 

gr^tfVM T^BSE I s *:MR — yKKSEU MR 

[0 0 0 8] £<bK* mi 6tc^-TJ:9(-. S^a-Y 
T ^Mlfit I s ^MR^ s/ KicStU MR^7 h*(DM& h 
£ttJ*«J£R»0>fi*BViso £^#>PfiLT*3£, BfSI 
cofjtJ; 9 fc;fc#fcfi«aM»k;h,5MR— y KS5£ h £W 

[0 0 0 9] 

[ooio] a«j6ta:a(i*sia^ ^ 

tf^r # it ic X o T S3 E £ *x/h KSrtfGx. fim% 

[001 1 ] 

[ SU£ £ IWifei- 6 ft to <z> ] 
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[0 0 12] ±SELfc««J6fit«!i*Sa«^y K(Z)^M 

10 £$;K5wfc«:#ttfc-r£o iELfcB«ftft»*lB 

«— y K^<>f T^SgE^BaS^jfe^fcv^T. mlI2*jg 

[0 0 13] JifELfe»)ef4, 0 5 JcM^S J: 

0 Jc»ifii-rs««lB«ttC* 8 i: «:*r*-S r £ 

[0 0 14] .hlBLfcKSItt* [H 5 C:#i]7pi~<5 J: 9 t-, 
^^t&^MI^^ Ki 0 — <D/<>f T^aSE^tt«& 

30 3g(^3&^S®JES:tjlWi-5®IEtftHi*a2 let, itufE 
®/E^tU^©:2 l c*»e>Hi^SnfcmrlEaffi<7>^— ft 
mllEaSEffllW^a 2 l b^feetteSnfemrlE^M r^® 

si(^f tf -*«wa^^Tmi2aa«fiLa*ffl«a^sv' ki 
eta*®«a^y ki o<D^m^tm^<^r^mM(o 

ftlBS^y K^<^r^ffifficowS3£fi!l*cj:or«» 

[0 0 15] ±|EL^«a«tta*ffi««^y K^/<-f 
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SKia^^&s <m, HuiE^r^aaiE^BiisafiFSttiart 

[0016] (f^/fl) *mW<Dftffl\^\,^xmW 

[0 0 17] ^<Z>®fflrtT**7>f ^t^/l^ — ^ 

fe. t£3tWJ: 5(-£:T<£>MR— y KCRi:/M7^*I 
Srfl£i-*^(iitt. tefit^iBi-r^Si: LXKf^^^g 

SSESrSEi^^tl-^Sco-T?, MR— y K<7>*Sifc£r&< i" 

[0018] 

^3sgH^rt«a5«igs:»Mi-5o nut *<ofti$mm<v 
w-mm. ei2«igi <3o i - i jRBfEig-cfcSo lai&u* 
[g] 2 (c^^r, ^si^v * ^ mm i ^-^^ 

[0019] X^U— K 2 ^li^^^r, 1 o<7)r3 — 
■7"— CDffii^CliiT 9 ^ 4 ^H^faMlnlKlg 

* 3c^|4 3 a J; 9 tS^W^J-fi^^^-^/^— ^ 
(«T, VCMiV^) 5^&<9 Wt^*x£— *<Z> 

[0 0 2 0] K^-r-r*^ 8<7>tMSc«rntfc (nttSiSS 

(a) (o^-TJ;?^ Biffl^yKtLTMR^yKl 

[0 0 2 1] MR^7 K 1 0f±, 133 (b) ic^-T J: v 
0i];ttfNiFeRhXI±NiFeCr «t 9 A LfB 10a, 

Cu£ Ofc-S^fiMSg 1 0 b, NiFei^/jrSK^ffitrta* 
@ 1 0 c ^WLT^o^ ^cOjSjfillt-fiCoCrPtftifOfiSH 

nod riMgiKstvcv^o ssaj&tfta*® i o c com 
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ftSflKKf** «E»j»flM4B 1 o d (aotty^i 

SALilOa 3&»fc««l&6BS!jjPJi l 0 c YX&jyffi 
(-7FM£*x. 1 0 d <£>JiMtt:& J; 19 

KlO e^i^ntVN^c 

[0 0 2 2] ^SALi 1 0 atlt — 2t<0 JJ — Kl 
S5>l^ SALflOa^ftM! ^ib4C5^r^ 

io m^Hb \c j: o T««ei7LSb*« 1 0 c <z>«{fcM 2 whk 

^SSlS!)*!! 1 0 c^lgtrt^ff ^-ajfHsig (^Itl 

[0 0 2 3] SALllOa^by-KlOeiW 
»l»tf»2©*«tt«»gl0f f lOgiaotft 

se>^»i&u c m2<z>*«tt*j»«i o f , 10 

g^l^2^v"-/PKfl 2, 1 3iaot 

f*£*xT^6 0 «ftl&fitab*a 1 o c d\ @4t^tJ; 

fb<^iS^i475S»e>n€)o **5, ^7^fi8ffHa USA 
LilOa^ftMi f>>*>£.CZ>mflX*#>Z><DX\ irV 
* SSE J 60 7C £ $ I- <t o T mitir 6 0 
[0 0 2 4] — t£>UM— 5/ Kl 1 m2(Dmn.iy 
—ti> Kg l 3 t»3<7)KSi/-/v KB 1 4<Z>fiSH;i^ffi£ 
JxfclftliUi llai:, l l a rtS:iisaia»=3 

-f/H lbt«rtLtV>5 0 ®3^^v—/i-K 

7i:4D, IS 2 KH3i: <z>Pfli-J«a»ffl 

30 =¥*5^asjK*snTv^ 0 

[0 0 2 5] ^(73 J: 9 (-x MR— s> KlO, ISa»M— y 
Kl lRXfiT~J*6ti*&Hftt>>tlX\i*Z)T# s ?'a=^ — # 

s§s« (jkt, f pcmmt^^o) 2o$mtttfhftx 

2 2^T^7 C rrJl— ^40ftlJ^a5(C5|g:a*i^•CV^5o ^ 

U^v-^/W<v K2 2±{C?FM$H/cgfl^>^"V 

fi, M R— y K 1 0 D — K 1 0 e -^^^M— ty 
40 Kl 1 60SS«=i>f /n 1 b^^5I#WSixfcBajBI(-SM 
Six. 9 , — ^ K f c 2 1 irS^ffl^y K 1 0 

tt««WJ-«jRSix, $ P>jr, ^KiC2i «»|iffg! 
Kl 1 K«ftMK«tt3n-Ci^5o — y KIC21 

[0 0 2 6] ^/t, ^7=^ 8(Z)iafiS(^(±B6ffiJH7 
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i^£ 0 -t<Z)=3 > h n — /Ujx- y h 3 1 H ^7KIC2 
1, VCM5, SPM7|:ftHS*lt^Se 

[0 0 2 7] hP^I/a^y h 3 1 I*, 4ls$ — y 

— X (l/F) 32. ^-Kf^^^=i>ho-7 

(ttT, HDCtt^) 33, ^y7r^!J34, y 
— K^-f^/t- (RDC) 3 5, MCU (Micro Control 1 
er Unit) 3 6. SStglEiSS 3 7, /n/7^^D38, 

[0 0 2 81 ^— Kt=V^ > 3 12, 

T*>f — 7 m— 3 2 5r^h LTAHJ*iwiKK>fc#»z> 
Y*? 1 ?— ^(nm^^Oo K^V ^ 

□ yhp-73 3ft 

ii/<y77^*y (RAM) 3 4^«R*ix, £ h 
M, f-^^^DB^ltMCU3 6Cg^$ixTV^ 

[0029] MCU3 6fi, MPU (Micro Processer 
Unit) 3 6 a, /U7t o ^ [hIS§ (J£jLT 

DACHSgi:^?) 3 6 b, r^ris? '1*=* 

^[Hlgg (iy.T\ ADC^l^) 36c, RAM (^FH 
m , ROM (^H^) *^tltl^ 0 rcOMCU 
3 611 *t6[alft3 7^SfcS0&4 0tf»ib<O^ o 

[0 0 3 0] DACEI&3 6bH MPU36a^L 
THDC3 3f)*bAJl Ltz^i/? ^<Dl?>xm>$iS%'£^ 

KIC21 rtMR^ T^SSE*Jf9lHlK2 1 a {^W^J 
t5o MR^r^a8IE*JWiaK2 l a (2, DAC[h1K 
3 6 b^5)^7tn ^ffilE^ttWLfc*:* $cOMR^ 
J SrMR^y K 1 0 fC{&if£i-& 0 

[0 0 3 1 ] ADCIE11&3 6 c li, KIC2 

1 rt^)MR/<>f T*®flE&ttJlH]&2 l c A^W^StLfc 
MR^-y KtBBEff ^^TfP ^b^v^'M- 

Sftt5t«0T*)5.o ^LT, ADC0KJ3 6 cri»lbffi 
^H^^v^/UGDMR^y KVliBZif-^li, v=*— ^^<^ 

BS, HDC33, >fy^-7x-732^^LTt^ 

[oo3 2] AimLt^mimmi on, ^1^1011^377'^ 

KfcSB2co* n y^«:3S^i-5lHlKT\ Cc/>3* 2 co ^ n 
y^liHDC3 3|:tttl^$ilT^5 c ~> a y 9 

v>v^m*mm&\Wt4 in ®^&stt^>a ^-tr 

v-tf-4 2a><b<o»»&Mff 

*co»f»«imf3-5|-S:M P U 3 6 a icffl^tS i><0~Q th 
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[0 0 3 3] y — K^-^^^3 5f3, HDC 3 375^cO 

l £ l fflfc*tt3B«i"£fc«><^y KJB«lH]K3 5 a <b, 
HDC 3 3^^C0fH^-|cS<3l/>T— ^ KIC21 
ff^-Sw &mt)-tZ>^r~?&m®V&3 5 b £, K I 

C 2 1 ^&A* Lfcff£{f fSr ^SitSf-^ffil 
[e]2S3 5 c Sr*TLTi^5 0 

[0 0 3 4] v^— ^«|8IhIB3 5 c ti, 7T>f K 

io . y ^<>r ^ y lt^i ^h^she i/^^m^a-cfc 

5PR4ML (Pertial Response Class 4 Maximum Lik 
elyhood ) *^KffiLTV^ 0 — 7*— ^^IHIhIK 
3 5bfi, 7*— *1gWIS&3 5 c(^)PR4MLKi:>Ft 

[0 0 3 5] T-^aHlilK3 5c&U«f-^8 

P[H]2§3 5 bfcfc«JEl^/U&WOfc«>U:P 

20 fflLtt KIC21 f*W— ;/ KB3«Ih1K2 1 

a ti, — ^ KSffUaB3 5 a cO^^m^t-S^^TillR 
Lfc 1 o^MR^7 K 1 0XJiRWS^:y Kl i^bl 
o^il^-rs o L^t^* K I C 2 lfiiHRLfcMR— 
y Kl OStMR^>TT^®8E»JS31|h]K2 1 bOffi^I^ 
^KWIh1K3 5 cC0A^ftiJ{^«JBcLfc'9, gti/MiiS 
RLfcRil^y K 1 1 5:7*— *3EB9Iel&3 5 bOA^f 

[003 6] ^^KIC21I1 ±IELfc««^s/ K9J 
&£l&g3 5a, ^ffilHlHlK3 5 btei£<Dmzit—tii 

y 3 8 Cli, i^r^ ^ ^ 1 (DmM&XtL-h Jitf 

B^CitMR^^ K 1 0 h(Os<4 T ^?&tft 

8 ft f-^/^DB^LTHDC3 3, MCU 3 6 
[0 0 3 7] h^n ^Ci^aaf-T BCD 

40 n ^MR^ y K 1 0{Z.&*)n±LX'<y7 

[0 0 3 8] **5, ±f[lL5tVCM 5 (Z) Bft f1= S PM8 
C0ltil$aH, f-^PV hP-7 3 9^LTMCU3 6 

50 ^T, ^SBWcoiKa^-r ^^^iSi-^oTti— K I C 
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MRy<^T*mJ±t£tBlH]Sg2 1 cfl. 3ff^Wr^l 
j^{&if££tVC^£MR- :v K 1 0£O — ^COU — K 1 0 

EE^t*— *HADCIe]&3 6 c i^J:orfy^/Mft(: 
*{fc£nfcf£fw f-^^DB, HDC33, -O* 

— ^^ — ^3 2&SLT*:* h^fA5 0— ft^ix 

So 

[0 0 3 9] JiHSLfctS^Sr^-r^^^V^^K^^ 

[oo4o] *i\ m7{^-rxo^. m^^xtm 

— ^^ — ^ 3 2£riiLT, jgfitJH^ffl<Ov<>f T^«JS6 J 
i iMR^s/ Kl OdSfrTJ; 9CHDC3 3— Jg^-T 
6 0 ^(^fg^f ^SUfcHDC 3 3 (j\ D A C 3 6 c 

is^ff^*sttfeMR^-rr^s8E»rf»iiiK2 1 bt*, 

-fn{T=7 .A ( - f£ o fcMg IdjH * COM R — ^ Kl 0(1/^7 
*ffiflc J x SrSEi-o MR— y Kl 0 60il^fi—^ 
[e]Sg3 5a, — y KS3lftIelK2 l a J: o Tfr£>;ix5o 
[0041] rtvi-J: "9 , r;*SSc j i a5«E£;ft/c 

«iffllE]gS2 1 c l:J;^ffl^titADC3 6 c . *f—9 
vUDBWHDC3 3S:iiLT^s/^r 34 — 

MR— y Kl o irBligWi+ibixT^y^r ^^ey 3 41: 

3 4 ^t&jfrtstbfcMR^^ k i o (Dm* (DUiKmizmm 

JEEV, 0Df= — ^&r, HDC33, ^>^-7x-X3 2 

[0 0 4 2] £<bM, h is XT J* 5 OCDl&fitSJ^iK 

»Ih]SS5 0 a -Cfcfc, 0 8 (^-T ffifiiffl^fflSBE 
V, iffittSJ^fflco^MT^SSt J . ^^--^(^-^ 
T^— A6Q?MU(-£ <9MR- v Kl OSClfiKR, £g[ 
W-T5 0 El 3 (a) LfcMR— ^ Kl 0 <D ]) — K 1 0 

e fiHcO=iT*SWfi»^JS— C*>>9 . L^t>, MR— ^K 
1 OlCifcJttS — — K 1 0 e r B iooir V^^^WOD^- 

S^te^ffi^ir>-^ffi«cWco^®co^i^ (MR^£) h 
«Rtb0»JBa«{-*>SOT\ h'>^f^5 o (c J: 9 jj[ 
Mi^Hfcffifeife'i^J: OMR— ^ K 1 otoffl*<z>MRift$ 
h/js*tf>6ix5 0 **5, 0 3 (a), (b) |:*tSALgi 
o a 1 0 c Sr-^ftBcoilifftiTiilSS 
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[0 0 4 3] ft*5, MRffi r o &(0*tT**:#> <bH 
*Bfcif<E>ttJ&Siu hfiMR— ^ K<7)iffiS, tttK^lg 
r o = (Dij/ht) + B 

10 «ii<z>ffl«^fl&/«tteias:M r^ 5/ k 1 0 sic^m-r s 0 

|H9coJ:9iCMR— 5/ K^Sfitffiir^^T 

[0 0 4 4] ~<D£?f£s<JTXmifc<OmJE. ffifitfi'J^ 

fflmjEVi <z>an^ estRi ^sisi/mr-^ k^£ 

h coS5g[ l^o fc— i£(D&ifl^ lotOMR— :v Kt-o 
V^TtT^H/^t-. S'JcOMR — y K(-o^T ^[iltii-tT 

[0 0 4 5] ^TtOMR — y Kl 0 i^oi^TffifitfiiC^iK 

S^MR^<>rr^ffiS6fia^3S^*i*^^:S(c, 37x1/ 

liiESrff p^i^^MR^ty Kl OSrv'- ^t^» 0 ^7X 
MR— ^ K 1 0(Dtp<kbWMM^v K 1 l <D*P*C? 

<o hT ^^e*(«]<z>ta»w*-r^-e*>§o 

MR— y Kl OSrv— ^ S^c«^id. ^r^tL 
MR— y Kl 0&is— 9 LTttgr-<^^ 8(r:*^ 

Hi*>ffii7i^3EfkS:iia^So ^co^, 03(b) i^^l/c 

MR— y Kl 0«f/^7Xlijf L J(7)^:/h(Cj;oT/> 

^T^m^Hb xmt>z>cDX\ KgfistMH 0 coo 

ttM t <0^[6]t^t?5o ^^>T T^KIf Hb ^A#<^ 
ot^<h rtv(coHTlKl4 (^L/i/^7^WH 

[0 0 4 6] '(lot, ^^h^fA50^7^l^ 
^</W-r — v?>9J^|n|K5 0 d iaoT77^7 U-</l-^ 

^.tf, MR— y Ki oi^^ci^<^r^a:^^^l^^6. 

5mA^)^9. 5mA^«ilfflT^X., #/<>C T ^®8E(^OU ^ 
^ u^/u-e— T x^^tcom^^n^'t tm l o 

50 x u^/u-v — ^x-f^ t°— ^asffH&£-t-£o cnti. 0 4 
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Hb <D&z$:mi>*bmfm£-*tx*p< ts t<DmM<ni®m 

^/uv-yy^ftt^s < *5 J: 5*/<-<r^a8ESra 
MRfifiiMS7 O Q(7)*^iCftia>'<>f r^assttia 1 0 
[0 0 4 7] #MR^7 Kl 0 fSMHI 9 (DffiffiLX*^ Lfz 

®mx*s<4 r *mM%&x-xm i o^^^^^u-^/u^ 
s*^BJ^K«:*<i~5f3:4ria i o<t>^^>t xu-</l^ 

iSEftiKS:^«)K^LT*5#^ *C0— ^«j»±twfcS 3 ^ 

[0 0 4 8] r(Z) J: 9 ^ u^/i^~^>copJ^ 

T, h^^T^-^S OO'ftjg^^T^^J^^as 0 e 

-tCOftjg^^T^SSEcO-r— Hi 1 (a) il^ 
i~ J; 9 ft7 h i/^^-A 5 0 frb^O"? — 7 3 

2, HDC33, ^2EB3Ih]K3 5 b (IJij^Jv * 

11 3 8&l/M*MCU 3 6<7>ROMKft<fiLT fc <fcV\, 
[0 0 4 9] Jftijg'<>r T ^fgiffiCQ^— 9<D&k%rr4 7$ 

8— co^iA^i: i: t>iwfr^n6 0 3z<nW%rr 
r=AXj~ 2 Xexp ( 9 _7 
«±<Z>K9]T*fc)\ @9£DMR^7 K^ffrtitli&^ll] "Too5" 
77>f^^^-*;y»ttilliiS^5,MR^y Kl oco 

fjeogtze^rffit LTfi. mi 3 T?*Lfcm?j®3Eviso 

tt\ &$WMR— K I 0 colli ^VlIHEVi so *0f*&fiOffi 
[0 0 5 3] J:ieLtMR-.^ KSrigffl-T SfKSl 
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^f-^fiii i(b) M^-TJ:?^ i^f-<^^gl 

(7)gWll:MR^^Kl 0, T^— ^^ifillH]a§3 5 c 
LXX-oXm^MZfr. HDC33Sr^LT/<5/7r^ 
; ey3 4CM$Wo tit, HDC3 3(i, /< 3, 7 

r^^ey 3 4co^n r^Aco^— ^KiigoTftS'^T 
^l^f-^^DAC3 6 bSr^lT^T^SfiSI 
^)Ih1SS2 1 btlfc^LT, MR^-; Kl 0< 

io [0 0 5 0] ^v=V *^S£H<oje»i$d><b* 
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